In the Earth's carbon cycle, C stocks in the soil are higher than in vegetation and atmosphere. Maintaining and conserving organic C concentrations in the soil by specific management practices can improve soil fertility and productivity. The aim of this study was to evaluate the impact of agricultural management techniques and influence of water regime (flooded or drained) on the structure of humic substances by excitation/emission matrix fluorescence. Six samples of a Planosol (Planossolo by the Brazilian System of Soil Classification) were collected from a rice field. Humic substances (HS) were extracted from flooded and drained soil under different agricultural management techniques: conventional tillage, reduced tillage and grassland. Two peaks at a long emission wavelength were observed in the EEM spectra of HA whereas those of the corresponding FA contained a unique fluorophore at an intermediate excitation/emission wavelength pair (EEWP) value. The fluorescence intensity measured by total luminescence (FI TL ) of HA was lower than that of the corresponding FA. A comparison of all samples (i.e., the HA values compared to each other) revealed only slight differences in the EEWP position, but the FI TL values were significantly different. In this soil, anoxic conditions and reduced tillage (little plowing) seem to favor a higher degree of humification of the soil organic matter compared with aerated conditions and conventional tillage.
THE USE OF TOTAL LUMINESCENCE SPECTROSCOPY IN THE INVESTIGATION OF THE EFFECTS OF DIFFERENT RICE MANAGEMENT PRACTICES ON HUMIC SUBSTANCES OF A PLANOSOL (1)
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SUMMARY
In the Earth's carbon cycle, C stocks in the soil are higher than in vegetation and atmosphere. Maintaining and conserving organic C concentrations in the soil by specific management practices can improve soil fertility and productivity. The aim of this study was to evaluate the impact of agricultural management techniques and influence of water regime (flooded or drained) on the structure of humic substances by excitation/emission matrix fluorescence. Six samples of a Planosol (Planossolo by the Brazilian System of Soil Classification) were collected from a rice field. Humic substances (HS) were extracted from flooded and drained soil under different agricultural management techniques: conventional tillage, reduced tillage and grassland. Two peaks at a long emission wavelength were observed in the EEM spectra of HA whereas those of the corresponding FA contained a unique fluorophore at an intermediate excitation/emission wavelength pair (EEWP) value. The fluorescence intensity measured by total luminescence (FI TL ) of HA was lower than that of the corresponding FA. A comparison of all samples (i.e., the HA values compared to each other) revealed only slight differences in the EEWP position, but the FI TL values were significantly different. In this soil, anoxic conditions and reduced tillage (little plowing) seem to favor a higher degree of humification of the soil organic matter compared with aerated conditions and conventional tillage.
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INTRODUCTION
In the earth's carbon cycle, the soil contains larger C stocks than vegetation and the atmosphere, and is therefore considered the planet's major C store and main C sink (Swift, 2001) . Carbon in the soil is considered sequestered because of the long period of time it can be stored and thus prevented from returning to the atmosphere. Many studies have focused on characterizing the most recalcitrant organic matter and identifying agricultural management and cultivation techniques that promote the increase of humic substances in soil (Rosell et al., 1989; Olk et al., 2000; Laird et al., 2001; Milori et al., 2002; Ding et al., 2002) .
In Brazil, of the 47 Mha of soil farmed in 2005, 25 Mha were under reduced tillage management (little plowing). It should be noted that in tropical countries, in addition to minimizing soil disturbance, reduced tillage practices also involve an increased retention of plant residue and recycling. This is the main driving force towards rebuilding soil organic C (SOC) levels.
The southernmost state of Brazil, Rio Grande do Sul, is one of the country's main producers of irrigated rice. In addition to various types of management, these soils are subjected to anaerobic flooding regimes and to aerobic drainage regimes during cultivation.
Fluorescence analysis can provide important comparative information about the structural and functional similarity and/or differences between HA and FA materials, which may be related to their degree of humification (Christl et al., 2000; Bertoncini et al., 2005) .
Knowledge on HS fluorescence properties has been obtained from single-scan fluorescence data, mostly. Single-scan fluorescence emission spectra of humic substances (HS) normally have a single broad band whose maximum emission (λ max ) shifts according to the excitation wavelength (λ ex ) utilized (Senesi, 1990; Sierra et al., 2000) . At an identical λ ex , FA fluoresces at higher intensities and shorter wavelengths than HA from the same origin (Belin et al., 1993; Sierra et al., 2000) . Because laboratories use different excitation and emission wavelengths in HS studies, it is difficult to compare different studies, so no consistent fluorescence fingerprint of HS has been established so far (Sierra et al., 2005) . The excitation/ emission matrix (EEM) can be used to minimize this problem, for it provides an overall view of all features existing within a selected spectral range (Sierra et al., 2005) .
Three-dimensional fluorescence or total luminescence (TL) spectroscopy is a very powerful technique for characterizing and differentiating HA and FA in relation to their nature and origin (Bertoncini et al., 2005 Senesi et al. (1991) concluded that fluorescence properties such as fluorescence intensity (FI) and wavelength of the fluorescence emission maximum could be useful parameters for distinguishing between HA or FA from various sources.
The aim of this research was to evaluate the impact of agricultural management techniques and the effect of the water regime (flooded and drained) on the structure of the humic substances by excitation/ emission matrix fluorescence.
MATERIALS AND METHODS

Site characterization
The soil used in this study was taken from an 
Extraction of humic substances
Humic acids (HA) were extracted progressively three times, according to the method described by Cozzolino et al. (2000) , and classified as HAFCT and HADCT (flooded and drained conditions managed by conventional tillage), HAFRT and HADRT (flooded and drained conditions managed by reduced tillage), and HAFG and HADG (flooded and drained no-tillage grassland).
The fulvic acids (FA) fractions were classified as described above (FADCT, FAFRT, FADRT, FAFRT, FADG, and FAFG) and analyzed in the dissolved state without further purification (Bertoncini et al., 2005) .
The soil was dried and shaken for 24 h in a solution of 1 mol L -1 NaOH and 0.1 mol L -1 Na 4 P 2 O 7 in N 2 atmosphere. The alkaline extraction solution was separated from the insoluble part by centrifugation. HA samples were obtained from the alkaline extracts by lowering the pH to ~ 1 with 12 mol L -1 HCl solution to separate precipitated HAs from the supernatant containing dissolved FA. The HAs were extensively purified by dissolution in a solution of 1 mol L -1 NaOH under N 2 , followed by precipitation in concentrated HCl. This procedure was repeated three times. The HAs were then shaken for 48 h in 0.5 % HF/HCl, dialyzed for three days against water, then frozen and lyophilized.
Fluorescence spectra of humic and fulvic acids
Fluorescence spectra were recorded from aqueous solutions of 100 mg L -1 HA (Bertoncini et al., 2005) after overnight equilibration at room temperature, and adjustment to pH 9.2 with 0.05 mol L -1 NaOH under N 2 , and directly from the dissolved FA fractions, using a Hitachi model F-4500 luminescence spectrophotometer (Hitachi…, 2001) . The TL spectra were obtained in the form of excitation/emission matrix (EEM) spectra (or contour maps) by scanning the wavelength emission over a 400 to 600 nm range, while the excitation wavelength was increased sequentially in 5 nm steps from 300 to 500 nm. The EEM spectra were generated from TL spectral data using SigmaPlot 2000 software (SigmaPlot, 2000) .
RESULTS AND DISCUSSION
The total luminescence spectra (TL) in the form of excitation/emission matrix spectra (EEM) of the humic acids (HA) and fulvic acids (FA) examined here are shown in figures 1 and 2, respectively, while the excitation/emission wavelength pairs (EEWP) of the main peak maxima and the corresponding fluorescence intensity obtained from the TL spectra (FI TL ) are listed in table 1.
The EEM spectra of HA contain two peaks at a long emission wavelength, whereas the spectra of the corresponding FA contain a unique fluorophore at an intermediate EEWP value. The FI TL of the HA were lower than that of the corresponding FA. Soil HAs are characterized by typical TL peaks at long wavelengths and low FI TL values (Bertoncini et al., 2005 ).
An increase in the extent of the π-electron system (i.e., the degree of conjugation) usually causes the fluorescence spectra to shift to longer wavelengths. This fact is illustrated by the series of linear aromatic hydrocarbons: naphthalene, anthracene, naphthacene and pentacene, which emit fluorescence in the ultraviolet, blue, green and red spectral regions, respectively (Valeur, 2001) . The presence of oxygenand N-containing functional groups in these systems also produces the same effect, whereas the presence of carbonyl and carboxyl substituents largely reduces FI (Senesi et al., 1991 In soil HA, our results indicate the presence of relative large-sized molecular components, rich in extended, linearly condensed aromatic ring systems and other unsaturated bond systems with a high degree of conjugation, bearing electron-withdrawing substituents (Senesi et al., 1991; Valeur, 2001; Bertoncini et al., 2005) . Likewise, the use of absorbance ratios of 465 -665 nm (E 4 /E 6 ) was first proposed by Kononova (1961) and has been used to characterize the relative molecular size and degree of humification of SOM (Fooken & Liebezeit, 2000) . In general, the higher the molecular weight of HS, the lower is the E 4 /E 6 ratio (Novotny et al., 1999) .
On the other hand, a prevalence of TL peaks at short wavelengths and high FI TL values in soil FA were observed. These results may be ascribed to the presence of simple structural components of relative small molecular size, bearing electron donor substituents, and to low levels of aromatic polycondensation and conjugated chromophores (Senesi et al., 1991; Valeur, 2001; Bertoncini et al., 2005) . The presence of electron donor substituents in low molecular weight molecules can enhance the FI of these samples by increasing the probability of transition between the singlet and ground state (Senesi et al., 1991) .
A comparison of all samples (i.e., the HA compared to each other) revealed only slight differences in the EEWP position, shifting to higher emission wavelengths in the samples collected under flooding. However, the FI TL values were not significantly different (Table 1) .
Lower FI TL values were observed in HA samples collected under flooding than in those collected in the drained regime. These results suggest the presence of molecular components with a relatively large molecular size, a high level of aromatic polycondensation, and a high degree of humification in the samples collected during flooding (Bertoncini et al., 2005) . It must be noted here that there is rotation of regimes, which seems be related with the tendency to increase or decrease the HA humification degree, i.e. the humification degree would increase under flooding and decrease under drained conditions. The presence of aerobic microorganisms responsible for the breakdown of aromatic rings in the drained regime could explain this fact.
With regard to the two types of management techniques, FI TL values were higher under conventional tillage (HACT) than reduced tillage (HART), indicating the lower range of molecular sizes in the CT samples and the presence of less humified components with hydroxyl, methoxy and amino substituents resulting from conventional tillage, in comparison with reduced tillage (Bertoncini et al., 2005) .
CONCLUSIONS
1. The TL spectroscopy results provided evidence and information of the typical and distinct structural nature of the humic substances investigated here (HA and FA).
2. In this soil, the anoxic condition and reduced tillage (with little soil turning) seemed to favor a higher degree of SOM humification than the aerated condition and conventional tillage.
3. Reduced tillage (HA) samples contained more carbonyl or carboxyl groups, as evidenced by the lower FI TL values than found in conventional tillage and grassland samples (no tillage). 
